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Conventional ability tests® require 511 testees to answer the same set of
. test items. Because testees differ in ability level, however, tests of this

‘ kind‘may pobentially create differential psychological environments for testees

of dif fereat ability levels. A test which is appropriately.difficult for a
testee of average abillty may be perceived by less able individuals as being
much too difficult, and ‘such perceptioqs may lead these testees to approach the
task with anxiety and Torbearance. the other hand, individuals with higher
than average abilities may findiﬁhe task a simple or even pleasant one.
Cleéarly, the psychological environment of a testee may vary greatly depending
‘9n:tbe ipdividual's perception of the task.

¢
-

.

Adaptive teéts are designed sucﬂ that each testee receives.ilems which are
psychometrically appropriate for his/her ability level (Lord, 1970; Weiss, 1974;

*'Welss & Betz, 1973). .For. example, items inxsuch tests may be''chosen do that

_each testee, regardless of ability level, will have approximately a fifty-percent
" chance of answering the item correctly (e.k., Lord -1970). _ The adaptive test .
may thus reduce the differential psychological environmencs,arfsi roa the

" administration of a fixed set of items to persons of differing ab levels,

and may thereby imprave the performince of low-gbility students. 'In fact,

. under certain conditions, adaptive testing has been shown to be more motivating

“for .low-ability testees (Betz & Wéiss, 19765) ‘and to result in higher ability

. estimates (Betz & Weiss, 1976a). .

-

Holtzman (1970) points out the potential impor.tance of psychological factors
in the estimation .of an individual 8 ability: .
It' may be important to investigate the interaction of personality
and situational factors with tailorxed testing. The motivational impact ,
. on the student when he discovers that most of the items are at a certain
level of difficulty (or uncertainty) {is unkrmown. The optimal level )
(or mixture of levels) for a given studemt will not be derived from test
theory éloﬂﬁ? information about student anxiety and motivation may also
be relevant. (p. 199). .
Whether adaptive tests can actually reduce the differential psychological
effects due to the administration of an inappropriaetely easy or difficult set
of testi{tems depends largely on whether testees can accurately perceive the -
difficulties %of the items administered. Little research has dealt directly
with the duestion of itenrdif&}eulty perception. o

" Munz and Jacobs (1971) asked introductory psychology students to ecale

multiple-choice examination questions on the subjective difficulty an iatroduc-

tory psychology student would experience in reaching a solution to a particular
test question. Thurstone's methods of equal-appearing intervals was tused to .
derive difficulty scale«values for. the individual items. These scale values
correlated positively but mcderately (r=.52) with traditional proportion-correct-.’
difficulty ind{ces based on the subsequent administration of those itgms to

L
-
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other in%roauctory psychology students. ﬁbweve;, Munz and Jacobs made no .
attempt’ to determine the accuracy with which ipdividdals per¢eived item diffi-
culties relative to their own Mevels of ab¥lity. Further, these resylts may

,ﬁg‘generalized’only to oiher'ach%gvemEnt-testing situations where students have
' been exposed to the material and have made an atfempt to familiarize themselves

with {ite oL oo \ . X

. Bratfisch;-DbrniE,‘éhd Bbrg (1972) agked individuals to estimate the’
subjective difficulty of items from sets 4, By D, and E of Raven's Standard
Progressive Matrices. The items were first administered conventionally, in the
orfler of their "objective" difficulty as assessed by determining the'proportiop

* of correct responses in a nomming sample. Following this, the items were

presented in random order and estimates of ‘their subjective difficulties were
obtained through a magnitude estimation procedure. The Spearman rank-order
correlation betwden the Subjgctive difficulties of the 4items and the order of

. A}

their initia} administration {i.e., their ranked "objective" difficulty) was

’ posit&ve and p&gh (rs=.90).. anogtunately; the effect of the i;ems' prior

.comprehension items

admigistration in the order of their objective difficurty cannot be determined:.

" In another study by the same authors ¢Bratfisch; Borg & DornfE,.1972),
destees were adminigtered numeriéal-reasoning,'spatial-ability,.og verbal-
"in the order of “objective" difficulty of the items in the,
tesSta. Immediately after attempting to answer each item in the conventional
manner, the testees rated the item's difficulty on a nine-point scale where
1 cotresponded to a "very,  very easy' item and 9 cbrresponded«tp‘a "very, very,
hard" item. The, pearman correlations between. order of admiristration .and
perceived difficulty for "the numerical-reasoning, spatidl-abil#ty, and verbal-
comprehension tests were .97,’.92, arid .92, ‘respectively. Unfortunately, in
both studies by these authors, the subjective difficulties were not explicitly
related to the testees' perceptions of ‘an item's appropriateness to their
ability levels. More importantly, in both studies, it is impossible to separate
the effect of item difficulty from that' of order of admiaistration.

y . i .

' The present study was designed to determine whether Or .not testees can {
perceive the difficulties of ability, test, jtems - relative to their levels of
ability and, %% so0, to fbnvestigate thé accuracy of .these perceptions for
individual items. Additionally, the study was designed to Qetermine'the level

- &f. item difficulty perceived.by testees as being appropriate for their ability.
() . N » .
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) \ .- Method

LS
’

Test .Construction B Ce ‘

~ hd ] \

. ) ] .. ‘
Two 41-item conventional tests were designed which had a large range of
differences between the difficulties of successive items. Items for the tests
were -chosen from a' pool of five-alternative, multiple-choice v&cabulary icems

on the basis of their nprmal-ogive difficulty (b) and discrimination (a) '
parameter8 (Lord & Novick, 1968). One of the tests was designed to be adminis-
tered to a group of relatively low-ability college students. The other ‘test

was designed to be administered to a group of melatively higher ability students.

4
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The item parameter estimates were based initially on data reported by,
“‘McBride and Weiss (1974), derived from samples of University of Minngsota.
underiraduates. These parameter estimates were revised using a proc dure
essentially the same as that described by Jensema (1976): Appendix - .
describes the process 6f developing the revised item parameters. The difficulty

and discrimination parameters for each test item are shown in Appendix Table B-1.

The low- and high-ability tests had's mean difficulty of b=-2.190 and
B=-. 488, respectively. Mean discriminatiqn values for the low- and high-ability
tests were 2a=IN117 and 2=1.501, respectively. o

s . ’. *

" 3
.

Proceduret ) o, NS '
Subjects. Two groups of undergraduate students participated in this stugdy.

The first group consisted of 119 students from psychology classeg in the |

University of Minnesota®s General College (GC)*who were tested In the winter

of 1975. The second group, tested in the spring of 1975, consisted of 185 ,

students from an introductory psychology class in the University's College o
beral Artsw(CLA). All students were volunteers who received points toward|

their final course grades for pargicipation in the experiment. GC students

typically perform mére poorly on ability and aptitude tests than do CLA

. students; for the purposes of this study, the GC students will therefore be

" designated as the "low<ability" group while the CLA students will be referrid

to as the "high-ability" group. .
)

Test administration. All students were tested at individual cathode-ray
tertinals (CRTs) connected to a Hewlett-Packard 9600E real-time computer system.
Instructional screens similar to those described by DeWitt and Weiss (1974,
pP. 36-53) explained the operation of the CRTs before the actual testing was
begun. - In addition, a prqactor yas present in the testing room to ‘provide
assistance in the operation of the equipment. !

- ’

Each student answered 41 multiple-choice vocabulary test items. The
first sik test items presented were identical .for testees in 4 given ability
group. These items, whose difficulties reflected the difficulty range of the
test, served to familiarize the students with the range of difficulties they
would subsequently encounter. The remaining 35 items in each test were presented /
in four'different orders of administration to minimize the effect that the order Y
of item presentation might have on perceived item difficulty. Testees wete
sequentially assigned to one of. the four conditions. Although the same
procedure was followed in both ability groups, the items differed between
groups. Appendix Table B-1 shows the:order of item administration in each of
the four conditions for each ability group.,

Prior to the administration of the test, the students were informed that
they would have as much .,time as they needed to cqomplete the task. During the
test, items were presented on the CRT screen and stiidents responded by typing
the number corresponding to the chosen alternative for each five-altermative.
multiple-choice item. Immediate‘y after responding to an.item, each student
was asked to inéicate the item's perceived difficulty,by entering a difficulty
code selected from the following list'

K




Much too easy for you

Somewhat] too easy for you

Just abqut right for you

Someuw) too hard for you =~ -°.
. Much tob hard for you.'

. .
—

oW

| The testee's response was then che¢ked by the computer to ensure that one of
the five alternatives had been chofen, and these data were' ﬁtored with the

I

item-response data for later analysis. ' .

|'Design . - . ' !

The study was designed to igvestigate three different aspects of item
difficulty *percéption. The initial phase was designed to determine whether or
not testees could accurately percelve the difficulty of ability—test items.

The second phase wag concerned With whether or not a testee's ability level
was related to the percdption of the relative difficulty of a given item;

- that 1s, how accurate an individual'# perceptions were, relative to his/her
ability level. The third phase of the analysis ,attémpted to determine the
relative item difficulty which was-perceived by the testee as being about

"y

right for his/her abdlity level ;o . B -

" Accuracy of Diffdiculty Pérceptions Co
a - N 3

Jf‘ﬂztﬁod of Analysis <

Difficulty;perceptioL model! * An individual's perception of an item 8
“difficulty can be thought‘of as the signed distance between the person's

ability level, and the item 8 difficulty level in a Euclidean ability/difficulty

space. This perception qill be denoted by . X

. . . P , \ . .
) d = Z W, . : 1
- W, JP Tir %ip) . ‘ A
where 13 is the pefceived difficulty of item j tpr person 17 ’

x.p'is the diffiiE%fy of item j along ability/difficulty dimension p -

xip 1s the ability of person 7 along ability/difficulty dimension p

. 3
-

Ll

- 1

wjp is the weight of iteﬁ J along dimension p*

4

» P is the number of dimensions in‘the ability/difficulty space.

-

Tas

Thus, in this model, the difficulty of an item for a given persbn is defined
as the weighted sum of the signed distances between the location of the item

and the location of ‘the person along P ability/difficulty dimensions. . For the
. were assigned to each alternative on

present analysis, numerical values of dzg

/

lAppreciation for the development of this model is expressed to Mark Davison,
Assistant Professor of Educational Psychologyjg University of Minnesota.

) ’
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the rating scale. The values assigned to alternatiVés A fthrough F were -2, -
, 0, +1, and +2, respectively. Thus, dij infreased as the perceived difficulty

of an-item:incredsed, and dij‘yas equal to zero when an item was perceived by

* . < s (S e X
a testee as "just about right for [me]." ) : . .. .

The use of a model such as that in Equation 1 1is advantageous for severél
reasons. Using the difficulty ratings alone, ‘estimates of ind{vidual abijity,
levels ‘and item difficulties can be derived on a tommon metric. In addition,
the general, multidimensional form of the model may be particularly useful im
describing difficulty perceptions on multi a6ility test batteries or other
such multi-trait instruments. .

- .- . ‘f‘
. Note that P in the model corresponds fto‘the number of dimensions in the
space. If the item di{fficulty ratings age unidimensional -P will equal I and

dij can be expressed more simply as

LI

dy =W (@) o “L (2]

i J
Furtner:'if the items arg assigned unit weights, the expression in Enuation 2
bécomes f e -

t

. . . 3
e | | | , [3]
. S | % , .

If the model and the assumption of unidimensionality are appropriate and
the average ahility level within aggroup of testees 1s arbitrarily set at—zero,
a least squares estimate of a single item's\difficulty (xj) 1s found to be-

- : N ~e

‘dij' - \ T ‘ (47 )
i : AN '

N : - N .
where ¥ is the number of persons rating the item. Tﬁug, an estimage of an
item's difficulty 1is simply the average difficulty rating assigned tq that . ¥

item by the igdividual being tested.

i)

‘/\
z., =
J

T [N

Il ~

Similerly; a least squares estimate of Tis the ability level of person %, is

x?: = - . [5]

YR

3|u
" v

I
" g=1 zJ .o .
. where n is the fhumber of items adminstered. An estimate of an individoal's .
ability level is thus the “average difficylty rating he/she assigns to a set of.
items plus the average item-difficulty 1 /; that set.
- -
' ot . ‘
Accuracyfof ratings-based estimates. The estimates of itemn difficulties
and LAadividual abilify levels described by Equations 4 and 5 are based solely
on: the testees' ratings of relative item difficulties, In order to determine |,
the appropriateness or accuracy of these perceptions, ‘the ratings-based esti-
mates of item difficultieg .and students' abilities were compared to more conven-
tional estimates based ori the correctness/incorrectness”’ of the testees conven-

tional responses to the test items. . '

+
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’ - ) . s .
The ratings-based estimates of item difficulty were correlated with the -
proportion of persons in the present study)identify{yg the correct response .
alternativesand also with the normal-ogive estimates of item difficulty (bj)

¢

*based on the item—calibratio; desgribed-in Appendix A. The rétingéibaSed
estimates of student ability were correlated With traditional number-correct
-scores and maximum-likelihood ability estimates (Betz & Weiss, “1976a)
based on the normal-ogive parametérs of the {tems. -

5
2 ' ° . -

Nimensionality of difficulty perceptions. 1In order to use the sitple, uni-
dimensional’ form of‘the difficulty-perception model described above, the uni-
dimensdonality of the difficulty ratings must be demonstrated. Because there is
no definitive test of unidimensionality, an indirect evaluatiom was necessary.
McBride and Weiss (1974) suggested four criteria which, if met, constitute sufficient

.evidence of unidimensionality in item-response data. According to the criteria . *

suggested, confirmatory evidente of unidimensionality is present when: 1) the first
common , factor of the matrix of inter-item correlations is a general factor account-
ing for a’'large proportion of“the @ommon variance and on which all variables load
highly; 2) the second and subsequent factors” account for much smaller and
essentially equal proportiogs of, the common variance; 3) the item loadings on

the first factor Jare either all positive or all negative; and 4) none of the above
eriteria are satisfied by the analysis of a gimilar‘correlation matrix cqostructed
from computer-generated randomr data. Although these criteria wePe suggested in '
the context of the analysis of item-response data, they are equally applicable

to the analysis of the difficulty ratings., E

A

“
i

- — ‘_, . -
Accordingly, a 41%41 matrix of product-moment .inter-item correlations I L
among the difficulty ratings was factor analyzed for each ability group. oo

Communalities for each item were estimated.by the squared multiple correlation’
of that item with all others in the matrix. Factors were-@xtracted by the
principal axes procedure and the resulting communalities were substituted

for the prior communality estimates. This procedure continued in.an iterative
fashion until the differences between the two communaljty estimates were
negligible. .

¢

. .
Results : '
— ) 14 PR - ot

'Dimensionality of difficulty peréepﬁioné. Evidence of .the dimensionality
of the difficulty ratings is shown in_Figures. la_ and 1b. —These figures show
the first ten eigenvalues of the inter-item correlation matrix based on the
difficulty ratings for the low- and high-abiliry groups, respectively. 1In both
figures, the eigenvalues from the analysis of the ratings are represented by a
solid line, while the dash line shows those resulting from an analysis of
comparable, computer-generat d random data.

In _bbth ability groubs, he firgt facfor of the real data extracted by \\'
far thei!nrgest amount of variance, while the second factor extracted only ' 4
8lightly more variance than did subsequent factors. The first factors extraCted\Y.
ftom the random data, on the other hand, accounted for little more variance

* than other random-data factors. The amount 6f varianc extracted by the second

and subsequent factors in the real data was similér to that extracted by the
second and ‘'Subsequent factors in the random data. : .

] R !
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; z factors, extracted: from the matrix of inter-item correlations of. d fficult
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" Table 1 lists the loadings of the items frdm each test.on t first three-

ratings/for that test. Each of 'the items loaded positively on the ‘firgt
factor from that test s datg, and the first factor' loadings weré gene

\ Thése data thereﬁore suggest the existence of -a ''general' factor. Also siown’ C
“in Tabfe 1 are»the loadings for the first ‘three factors from the comparable et
random,d h group. For these ‘latter data’, the first factor was * o

' oups; i_e.gJpositiqerand-negative logdingk occurred as’™ *° .

finst factor ag-on Factors 2 and 3. “In ‘the.real data, S“Chag ;
bipolarity occurred only oh the second and subsequent ‘fhetors. These-result&

3 therefore suggesf that for both ability#groups, the difficulty ratIngs may ,;:git ’ ]

) be characterized as being unidimensional P qﬁ )

. Accuracy of ratings-based estgates, Bé?ﬁse the difficéulty perceptionsl .
"« appeared to be unidimensional, the difficulty ratings were uged in conjunction - .-
with Equatibns 4 and 5 to calculate ratings-based estimates of item difficulty e
» (r ) and testee ability (2 )2 The estimates of item difficulties, based solely

.
i

P
- on the difficulty ratings, are shown in Table 2. Table'2 al§e shows proportion .
3 correct (p .) and normal-ogive (b.) item—diff}culty estimatés for each item.. )

~

. A R .
LR . * ¢ ¢ i e

In the low-ability groyp, estimates of item difficulty derived from the »

Y difficuley perception® were highly related .to proportion-correct and normal-’
ogive item-difficulty estimdtes, Pearson product-mement . correlations were .
r=-.86 and r=.80, respectively. The relationships between the ratings-based = 4
difflculty estimatés and the estimates based on conhventional responses Jto:the
items were similarly high for items in tkg high—ability gr wfth respeétdve

r ] °,

. Appendix Tab B-2 shows, for each testee, number- correct scores (n ) -

1

and maximum likelihood estimates of the testee s, ability‘level (9 ) based on -

his/her conventional “responses to the items angd the corresponding ability ]
< estimates base% on the difficulty perceptions (m') The Pearson product-moment

. ‘correlations of the ratings“based ability estimates with, the corresponding
' ~aumber-correct gcores *and with' maximum. 1ikelihood ability estimates were
" re=.55 and r=.56, respectively, for testees in the low-ability group. For persqps 2
in—the high-ability group, comparable correlations were r=.63. and r=. 59,
respectively. ’ . .
Ses W - . . v ‘.u‘,‘v * .
a . * ' H \

Difficulty Percéptions of Individual Items . - _ ;

The second phase of the analysis assessed the relationship Befween the
ability levels of testees and the perceived difficulty of a given item. As an
) ind;l.viduaf's ability level increases relative td the difficulty letel of an
. item, ‘the item should be perceived by the individual as being relatively less
difficult As. student ability levels decrease in comparison to an item's °
”wdifficulty, the item 'should-appear to the testees as being relatively more
), difficult. Thus, the difficulty rating assigned By a testee to an individual
. item ghould be 'dependent upon the discrepancy between the testee's ability

level and the. item -2 difficulty .

-
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. J ' Table 1 . ) ' e - . - T
\ Lt < Item Loadings on the First Three Factors'for‘ the . . T e pep— ™~ ’
* Difficuitv-Perception Data and for Comparable Random Data . . . o ' .
s — - — * T > = e
¥ . . . - .
. . B . LowgAbility Group : . ‘ High-Ability Group !
s o7 ' : ) . 7 P . ;
2 Difficulty-Perteption Data , Random Data’ Difficulty-Perception Data - Random Data
W X Item * Factor ‘ Factor Ttem .fa%;r " Factor ) ¢
& ~ Reference A& — . Reference - - K ]
- Number I 2 03 .1 2+ 3 Number 1 /z. #3 1 2 3 .o
. R Q& —* \ ] e T r 7 * Vot
. ‘ , 2¢ 73 -1 -2 7 L02 -1l -.06" . 2 62 .27 -al .08 -.03  -.05 . . :
. 4 ~81 =36 , .07, + @ . -13 -.01 7 60  -.38 -.16 32 b .25 ) . .
' 7 :55 - 28“1 “ 06 13 .20 s .29 14 .55 1.53 04 ~ .04 T 01 .22 ! ; !
o . 14 .73 -.20 21 17 14" -.19 18 -. | .
K ) 18 .75 -.23 09 -.36 05 -.01 19 ; .
. . 19 .55 =20 -.18 .32 .22 §02 23 i
g . 20 .39 -.18 -0l 2.25 » «.04 .12 . 24 i
23 L3 ~.08 .05 -0l  -.05 .26 39 .
2 .67 =27 =10 -.12 .24, 24 44 . i
’ ‘ 29, 76 =22 -lol A5 .32 .I6 51 v
41 .76 -.28 15 27 =27 .21 56 - . S,
44 .61 .23 -8 . -.27 --00 -1 647 o e
)| .63 .08 08 .1 .38 -.16 g!; . : \4 K
55. 69 -1 " - g4 =22 =15 ‘ o
e 56 .39 .31 -?(1’3 .15 -.16 17 86 . Ty
62 63 -.27 -.17 -.09 -.13 -.03 91
' 6 g3 -3 25 LY =18 12 104 7o
6 .61 -.29 37 .14 -.02 14 108
‘. .69 -.27 , .23 - 16 -7 .18 11 N .
[ . ) 70 .05 .11 .20 -.13 .07 s ¥ 1 .
' 78 N | SR T .03 -.1% -.38 115 . . . .
86 62, .23 7 -5 .09 =23 L.15 120 .62 -.10 06 %y gy Yy
. ‘ 89 .67 A7 -5 . L,.02 ~20 27 137 .49 24 »03 - 04, .25 .01
91 .46 .36 .01 19° -.10 32 145 .63 .17 -.21 A1 -.12 -.06 . )
108 .68 % .02 .15 10 .09 22 LY R A6 T2 .07 -.10  -.23 - . . ‘
y ~ 111 .53 51 —-.16 -.17 A9 L 14 154 .55 .08 Qb 21 .29 -.04 N .
S 114 .57, .48 .00 .26 =07 b6 -t 162 .64 &1 -.08 13 .18 13 >
141 .61’ .11 02 . -.26 =12 17 167 .46 .21 -18 -.19 04 ™ .02 ’ .
K 145 .62 09 -.07 9 21 -.04 174 < o .43 .09 2y 09 -.01 T2
154 .59 .36 -.16 109 51 7, 182 66 1 -.43. . 14 03 40 -.21
162 .38 47 25 -.12 06 .09 188 .54 .28 .21 -.02 .19 .24 . g
: 174 .30 .50 - .10 -.18 .21 .15 191 .59 ' -.03 -10 -.22 07 .08 - , .
© b 182 .11 -.20 19 -.15 .13 29 217, 43, 397 .10 -.12 28 .22 ’ . .
- 188 41 43 .22 .09 A3 27 ¥ 253 LIRS .34 .03 13 T 04 /
‘ 191 .67 03 =37 .26 g4 t1 302 Srasz L35 -19 26,02 .00 ;
192 - .58 .25 -.08 -.01 D YEEEENE - =319 . 4% .35 -t _03 -« 07 -.00 .
198 .76 -.08 -.04 28 -7 18 *337 .52 .18 .07 .33 -.03 .00 .
! 302" .32 .25 .36 -.00 -.05 .25 359 -34 -16 .43 -.02 -.08 ~-.18 F A \
337 .32 24, .09 -2 ~.29 .32 * 375 .30 4 .21 -.18 -1 -.13 7
‘r 375 .26 7N.59 .18 05 .28 -.16 383 .47 -40 -.09 ».05 -.09 -.24 :
;' 651 g 46 r 31 12 .12 .02 .50 04 7 -2 12 .29 .05 . : -
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~ Table 2

Least-Squares Item Difficulty -Estimates Based on the

.Difficulty Perceptions (x ) and Corrésponding Proportion-Correct (p )
and Normal—Ogive (b ) Item Dif.ficulty Indices o

¢ =

-

L - 1

s

Low-Ability Group o , High“Ability Group

Item
Referenced.
}Jumber

¢
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Table 3

Cortelations of Difficulty Ratings

" with Ability—Level/Item—Difficulty Discrepancy

(r) and Dichotomized Item Scores (
L)

rbzs)

‘7

’

S

- Low-Ability Group

Item Reference

High-Ability Group

.18 -.

.50

r r, . Item Reference r r .
Number, VL bis Number ' ’bzg
2 .39. -.19 .2 -.31 -1.00
4 , 2% 3,67 7° YA -.58
T 31, . =.30 14 ~.33 -.36
14 .27 -.28' 18 -,21 -.60
18 .36 -.24 19 - r28 -.88
19 26+ -,78 - 23 -.38 . -.67
20 .28 -.57 24 -.22 -.07
23 .37, -.58 39 -.30 -.73
24, .27 -.30 A ~.25" -.347
29" .40 -1.00 51 -439 -.55
AN 346 - =010 ¢ 56° . -.38 °* -.75
AA .49 - -.51 64, -.27° .07
51 .49 -.69 68 -.21 .20
55 .30 -.30 77 -.36 -.56"
56 40 Y ~.67 86 -.49 ~.66
62 .26 7 -.75 91 -.44 -.63
‘64 .25 -.15 104 -.44 ' -.69
68 17 - .20 " 108 -.41 -.Qg,
72—~ .24 o =.73 - 111 -.38 A
77 - 39 . - =477 114 ~.42 -.41
78 .56 ~.05 115 -.29 ~=.56
86 .56 _-.66 120 -.31 . #-.33
"89 49 -.85 137 ~.28 -.61
91 .34 ~.23 145 -.41 -.48
108 43 -0 147 -.13 r=,22
111 .43 -.32. 7 154 - =433 -.38
114 .43 ~47 162 - -.49 . -472
141 41 =48 167, -.23 -.33
145 .37 -.16 174 -.18 -.18
154, . 2,51 -.62 182 =.30 .22
162 21 0 =237 188 -.48 -.65
14 23 =022 191 -.41 -.60
182 .27 -.30 . 217 =234 -.39
188 .28 -.50 253 B § R 1.
191 A "~.52 302 ~.31 -.43
192 .40 -.25 319 - -.41 -.61
178 .35 ~.76 337 -.39- -.49°
302 .03 -.37 *  359: -.01 148
337 .19 -.44 375 -.15 -.33
375 J10 . -.06 383 -.36 -.40
651 30 514 - =45
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Method of Analysis =~ . . , -
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“The normal-ogive tqgring model permits the estimation 'of individual abiliéy
level's and item difficuity levels on a common metric. Thus, an.estimate ofwthe
discrepadcy between an ndividual's ability level and:an item's difficulty is
9 b., where 9 represeﬁts the abiltty level of person 7, and bg represents the

A . -

difficulty of item Je f ’ - . .

. . £
.

To assess the reHLtionship between the ability-level/itenrdifficulti
discrepancy (6 -b .) arid -the testee's difficulty perception for a single tem _

(d ),_the.Pearson~product-moment correlation (r) between 8. -bJ and d. J as.
computed for each iteh Because the eStimate of 6 and the estimate of bJ

are fallible and because it is possible.that testees’ perceptions are more
directly rélated to.whethet or not they can answer the item correctly than to .
-b :» the biserial correlation’ ( ) between the testees“ item gcores-

(0 lf incorrect, 1 if‘correct) and their difficulty perceptions was also cdmputed

A : . ! 'i
Results . ) - ‘ - . J

. S -
.

Table 3 shows the correlations of the 8 b discrepancy and the difficulty
ratings, dij’ for items on both tests. The mediap correlations were -.34 for -
* - :

the low—ability group and ¥ 3 for the high-ability group: Correlations
ragged from ~-.56 ~.03 fdr the low-ability group and from -.50 to -.11 for
the .high~ability group to .
Table. 3 also shows the biserfal”correlationis of the item scores and the
"difficulty ratings -for each test item. | The .median biserial correldtions were -
-.40 and ~-.48 for the low- and high-ability groups, reSpectively. These
-correlations ranged from -1.00 to .20 for the low-ability group and from -1.00
to .22 for the high-ability group. ’ . - .

- Al
¢« r s

. ~ Perceptions of Appropriate Item‘Difflculty .
B - .° ”

s generally tailor a test such that ftem diffi-

gr the estipated ability level for a given

Adaptive tes

ng proced

. test%e, i.e., S0 thet’ei-o{ R hes zero, Although these items may be

"about: right" in difficulty from a psychometric standpoint, they'may not Be
"about right” from the individual testee's point of wiew. The.third'phase of

the aualysis was designed to determine the testee-ability/item—difficulty s

crepancy fgr an ;tem which was perceived by the testee as being "Jus+ about

[ ! 4

right" for him/her. ’ . ,

v
¢ -

Method of Analysis . i .

- '
A [}

For each'test item, an'average -b was computed for those persons giving

the item rating of 'C", iddicating that they perceived the difficulty of the .
item as "just about[rzght " for them. , K z
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Table 4 shdws the average O —b discrepancy of subJects assigning "C" to the item’

thes "about right" perceptions differ greatly frog,item ta item. ¢ .

L)

for each of the items on the two tests. It is obvious from the data in Taﬁfe-ésthat

Positive yalues of these mean discrepancies indicate that an item'was .
. perceived as "about right" when the difficulty’level af:the item. (bu) was, ,on

on the average, below the testees' estimated ability level (6 ). For the low~

ability group, 28.of the 41 items had positive .mean discrepancies, tﬁese
discrepancies ranged from %34 to'5.77. For the high-ability groui, 20 of the
41 items had positive mean discrepancies, ranging from .14 to 4 . )

Negative values indicate a judgment of "about right" for jitems which are
above a ee's ability level. For the low-ability group, these-ranged from,
-.31 to #2.04. For the high-ability group, the range was -.06 to -2.44.

. Thglaverage signed mean discrepancy was 1. 358 for«the Iow-ability testees '
and .2899 for' the high-ability testees. These averages are somewhat ambiguous
because differing numbers of testees contributed to the computation ‘of means
for individual items. The pverall mean discrepanflies judged to be” ‘hbout -
rmght", weighted by the number of persons upon whilh’ each item mean ‘was based,
were 1.703 and .466 for the low- and high-ability’ groups, respectively.

o . - PN

Discussion - -

‘Least squares‘@Ltimates of item difficulties, based on the diffigulty _ .

ratings assigne§ to the items and #he unidimensional difficulty-perception .

model, were closely related to difficulty indices based on cenventional ’
rasponses to the items. Thus, students were able to.accurately perceive

the relative difficulties of a set of test items. There was some suggestion

in the data that high-ability testee perceived item difficulties relatively -

more accurately than did low-ability estees.{ $2 ) ; . .

-

S,

.

Similarly,4ratings-based ability estimates corresponded relatively well -

with more traditional ability estimates. Because thése ratings-based ability

estimates were essentially an average of the/ diffigplty ratings assigned:to the

'items, the poditjve correlations between these estipates and, for instance,'
‘the number-correct scores indicate that as ability levels 1ncreased the items

were rated as being relatively less difficult, on the average. .
% 4 +
The, correlations: between the ratingé-based ability estimates and the number-

correct scores also indicate that testees can, with a fair degree of accuracy, '
' perceive how well they have performed on an ability test. The correlations of

.55 for the low-ability group suggests that students in this group were slightly
less able to perceivé their ability levels as assessed'by number-correct -score€”
than were testees in,the high-ability group, where numﬂer-correct scores and
ratings-based ability estimates correlated .63. 1In general, however, the

magnitude of the relationships between the dif¥iculty ratings and objective .

Y ‘ ’ ) ’ \
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'Weightdd Mean  1.70 - . . .47
QO s.p. 2.28 " ' 20 2.05
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R ‘ “Table 4 ‘<.
' - Mean Signed Discrepancy by Item-Between Testee Ability and
{ - Iten Difficulty (0 -b .) ﬁot Students Rating . A~
> L an Item "Just About Right for [me]," for Two Ability Groups
o B X ! l
= ——— - 7 U\.';» + )
: , Low-Ability Group, - > High-Ability Group
* . Item o . Item o .
Reference Mean -+  Number of = Referghce - Mean Number of
Number . ~ Discrgpancy  Students Nuﬁiber . Discrepancy  Students '
1 0] ., - , ‘ \
s 2.87 . . 50 . 338 60
-4 4.63 48 y 1.52 47
)7 . 1.24 36 R T . .1.68 ‘51
14 147 |46 . 18 4,04 58
. 8 . 3% 53 19 3.29 .39
: 19 3 ° 42 - 23 3.16 61
w20 . 4.03- - 8 24 - . 1.85. 43
> 23 2.97, 54 39 3.29 7 76
$26 1.44 46 44 N 9 & 101
29 4:56 -~ ' 50 51 s .79 90
41 . 5.54 v « L, 49 ) 56 -.06 59 <
uh . .75 52 64 1.77 - - 34 ¢
51 .36 49 # 68 2,01, -~ 82 e
, 55 3.94 . - 60" . 77 2.96 % 76 ¥
o 56 -.75" 435 86 ~ 1 %7 60
- 62 4.00 ot 38 _ 91~ | "+, -.29 « 73 5
o 64 m 1.37 39° 104 S VA Y32 (
PR 68 - 1.467 .53 - -‘_- 108 .85 + 78
T2 5,13 . ' T 42 .s11 T -.88 ¥ 48
) 77 2.6%“ 60 - 114 -.87 48 X
v 78 3.8 . 62 ” 115 -1.85 ' . 11 2,
86 .6l C 37 T 120 -1.92 , 88 A
" 89 ' 1.69 51 Y & 137 .42 ! 3L
91 -.82 - 53 . — 145 -.26 77
. 108 .34 56 . 147 ' -1.80 84
SRS 0§ S -1.49 32 - 154 -.15 y 9%
S S -1.25 Y32 .62, =75 26
141 ‘ .50 55 167 .- -2.44 51 %
145 -.73 43 : 1746 - 72 . =1.37 %6
7154 =59 . 63 ., 182 ° 3.16 , - 55
+ 162 : =1.45 : 14 © 188 t.29 g 32
. 124 ) -2.04 26 _191 .94, 73
182 1, . 2.90 61 217 -1.31 - 38
188 =31 14 253 o -1.99 27
191 © 46 49 302 -.96*?'» 40
192 5.77 47, T 319 -1.59 29
198 - 1.59 57 <333 : -129 - 63
302 . T ,7-122 0 L 20 359 =2.35. 42
<337 T =1.66 35 - 375 . ©.62 15
. 315 -1.37 11 . 383 r =1.20 49
651 -1.59 29 ° 514 , -1.6% 56 :
& . . e .
Mean © - . ' . I.36 . S .29
S.D. 2.26 : ‘ v 1.84 .
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estimates of item difficulty and between the ratings and estimates of testees
abilities indicates that testee perceptions of test difficulty and their

+  test performance are, at least generally, accurate. -, .

‘ . ' . Y ) . .
The secoend phase of the analysis showed that for an individual item, :
however, there was relatively little relationship between testee perceptions
of item difficulty_an testee—ability/itemndifficulty discrepancies or the item
scores. The mediah:pr oportions of variance accounted foy by the linear rela- AR
tionship between the 6 -&., discrepancy and the difficulty perceptions (r ) N

H

{ were only ,12 and .1 Fhe two ability groups. ‘The médian p{oportdpns “of
variance accounted ﬁ e reiationship between thd dichotomized item scores -

_and the difficulty pefce ons r were .16 and .23 for the two groups. -

In these latter data, ghow ‘er, there again seems to be a difference in favor of
- the high-ability grogf in §hat their difficulty perceptidns were more highrly
:elated to their test ’

. ) The, finding most relepant for the design of ability-testing p:ocedures was
thgt items which wete judged by the testees to be "aboyt right" 4in difficulty

. /’"were not necessarily "about right" ¥rom a psychometric~point of view. .These data,

\<’

v
5

“fact, shoy that testees rceived items that were somewhat below their ability
le‘elf as being, .on the average, abput right‘for pergons of their ability level.
In ‘¥he case of the low-ability stud%nts, the items perceived as appropriate had,

devia¥ions below the testees' mgximum likelihood ability’ estimates. The high~
abilify,students judged items as "about'rmght" if, on the average, they were *

" on thgggyptage normal-ogive diﬁfiaﬁlty parameters which were over 1.5 standard -

about one-half standard deviation below their ability levels. Low-ability ¢

students tended to judge items as "about right" in difficulty when the items
were Below their ability levels; the high-ability students divided their "about ’
right" judgements equally between items which were psychometrically too easy pnd
' those which were psychometrically too difficult. .
. « ‘ ‘ /
' .. Conclusions ) . -/ .

These data show that students' perceptions of the relative difficulties of

a set of ability test items are quite‘accurate buf that their pefceptions of

the difficultiés of individual abilify-test items.are only moderately accurate.

The data also suggest that the dbility level of the testee has some effect on

difficulty perceptions Ability level also is related to the accuracy of-

. perception of a testee's own test score. Thus, testees of different ability
levels geem to éncounter a different psychological_ enyironment when interacting
with an ability'test. This concluston is further supported by the students'
perceptions of the items which are "about{ right" fot their ability levels.

The psychometric and the psychqlogical effects of adapting an ability test
to a level where the testee perceives the test difficulty as "about right"
should be studied ~Adaptive 'testing strategies usually tailor a test such’ that
the estimated diffiCulfy of each item administered is close to the current

t

'Y

estimate of an individuai' 8 dbility level. 1In adapting a test to ensure that , -

item difficulties arerpsychometrically optimal, these'stgategies may also, in
effect, be tailoring the test so that all of the items are perceived by testees
as being too difficult for. persons of their ability level. The psychological
effects of such a procedure should be investigated more fully..

ERIC ~ | LT 21

wll Toxt Provided by ERIC

-



- s

TR

2.
A We

iRl

e U ' e
: k :
B o . REFE?ENCES
. . o ;) .
Betz, N. E., & Weiss, D. J, Effects of immediate knowledge of results and

adaptive tegsting on ability tggirperformance. (Research Rep. 76-3).
Minneapolis:. University of Minnesota, Department of Psychdlogy, Psycho-
_ metric Hethoda Programb June 1976. (AD A027147) ta)

) ﬁetz, N.\R.g & Weiss, D. J Psychological effects of immediate knowledge of

-

resul'ts and adaptive ability'testing. (Research Rep. 76-4). Minneapolis:
University of Minnesota, Department of Psychology, Psychometric Metheds,
./ Program, June 1976. (AD A027170) (b) .

[ £,
>

‘Bratfisch, 0., Borg, G., & Dornic, S. Perceived item—difficulty in three,;ests

of intellectual performance capacity. Stockholm: University of Stockholim, s
Institute of Applied Psyﬁhology, 1972 (29) Co . ’

N -

Bratfisch, 0., Dornié, S., & Borg, G. Perceived difficulty of items in a
test of reasoning ability. Stockholm: University of Stockholm, Imstitute
of Applied Psychology, 1972 (28) ” Co : '

4

bewitt, L..J., & Weiss, D. J. A _computer sofﬂware system for adaptive ability
measurement. (Research Rep. 74-1). Minneapolis: University of Minnesota,

Department of. Psychology, Pgychometric Hé‘hodSzProgram, January 1974, °
- (AD 773961) + ' 4 A .

0

“Holtiman, ‘W. H. " Individually tailored testing: Discussion. 1In W. *ﬁ Holtzman

(Ed.), Computer-assisted instruction, testg;g,and guidance New York:
Harper & Row, 1970.

»
,

Jensema, C. A simple technfhue for estimating latent trait mental test parameters.
ﬁducational and Psychological Measuremagg 1976, 36(3), 705-716. to

Lord "F. M. Some ‘test theory for tailored testings. In W. H. Holtzman (Ed.),

Computer-assisted instruction, testing and guidance New York: ‘Harpef &
Row, 1970. \ ‘ |

-
L J

Lord, F. M., & Novick, M. R. Statistical theories of mehtal test scores.
Reading, MA: Addison—Wesley, 1968. A A ©

e -

McBride, J R., & Weiss, D. J. A word knowledge item pool for adaptive abili;y
measurement (Research Rep. 74-2). Minneapoliss University-of Minnesota,

Department of Psychology, Psychometric Methods Program, June 1974 ,
(AD 781894) , . .

'

Munz, D. C., & Jacobs, P. D. An evaluation of perceived itemrdifficulty

sequencéing in academic testing. British Journal of Educational Psychol:gx
1971, 44, 195-205,

. 3 , m ~

\




. . -17- ; . - ,
' . ' L R /

. *
-
. , , ” 4.
r

Urry, V. ¥. Ancillary esgtimators for the item parameters of mental test models.

Paper presented at the Annual Meeting of the American Psychological .
Association, Washing%on, DC, August 1975.

»

Weiss, D. J. Strategies of adaptive ability measurement. (Reséarsh Rep. 74;5),/

Minneapolis: ~ University of Minnesota, Department'of’Psychology, Psychometric
, Methods Program, December 1974. (AD A004270)
. - \ e ] 3 . | e
Weiss, D. J., & Betz, N. E. Ability measurement: ‘Conventional or édaptive’
(Research Rep. 73-1). Minneapolis: University of Minnesota Department ,
of Psychology, Psychometric Methods. Program, February 1973. (AD 757788) ’

*




) -18-~ N B ‘

APPENDIX A L —
3 R ‘Z p Ite‘m Calibration Procedurés
* % 7 : 3 4 ' 4
: 3 ¥ . v
: $ . . .
'Initial Itene Qatameter Estimates . > o

N - , .
‘ The itaﬂ' ameterfzaﬁion.procedures that were uged assumed- a normal-ogide
latent traie el and the existence-of a bivariate-normal joint—distribution
of 8 jleve;s‘§ the latent ability) and z (the comtinuous variable asgumed to
‘underlfe- ghg hotomou§ 1ted rebporises). ~Glven ‘these ‘assumptions, discrimina~
tion (a) am‘ fEficulty (B) pa’f:ameters may .be defi_ned by Equations 6 and 7,

, [ v t
) - > y o < e
a; "ea/l“ea) L ’/ (6] ) .
. i ’. ‘\ ) . )
T B, =¥,/ : Y
g YJ/D&%. , . - .

B 4

where pax.'is the cgg;elation between individuals' ability levels (§) and'theig
" J L ' , -
, scbre; (x) on item j. - : .
: B a = .. i . : , o . .
Vﬁ is the z3-score 'above which lies the proportion of’testees in the pop-

ulation knowing the correct amswer to item J (Lord & Novick, 1968).

- - "
v '

’

In order to estimate pe » the biserial correlation (r ,) between testees'

ability levels and their dichotomized item scores was found by first estimating
the point-biserial correlation (r ) between ability levels and dichotomous item’

- scores by Equation 8, based .on data reported by. McBrlde and Weiss (1974),

4 é:
A -Z &
P, = (x
Ji

v ]

ér\/(pm-p)/a ,', P 18]

2
- =

L3 . .

where 5: is»the mean number-correct score Qf persons correctly‘answering.item Js

2]

- 2

A

| z is‘the m¢an number-correct scoré of persons incorrectly answering item Js

) N
T = - -

%ﬁ-is the proportién of persons correctly answering item j, 4

'sx is the‘standard deviation of number-correct scores for the tqtal .. - '

AN ’ P
group answering item j. -~ ¢ . E\

The biserfal coefficient was then computed using the trangformation in Equation 9,
N t ‘.
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.where 2, is the z-score above which lies the proboréibn of testees in the
; * Y norming sample correctly answering item J ij), \

¢[zé] is the density of a normal ﬁrobability density funp;ibﬁ at zj.

BENIVG

N

Because a testee could. ansver an item correctly simﬁly by random gueésingh
on these 5-alternative, multiple-Zhoice'items, a guessing parameter (c) was L

' defined for each-item by Equation 10. - . . 2
. ‘5.;1771. . . ’ .. . 1 lo
. o ’ o . . [10]
where nj'}s the number of response alternatives on item j,‘ . . -
~ . J ., . o - ) .. _' ‘
- ' di 4 *

T In-order to account for guebsing when the initial g.and b_pq;gmeters used

ig construct the tests described in this report were derived, the estimate of

0] (r.) cemputed in Equation 9 was modified according to Equation <1,
&7

Feplap /(1<c.). - . i " a 11

JJ(J) .o [11]

) 4 . £

’ -

The estimate of Por .resylting from %guation i1 (r;) was restricted to .

*  the interval from -1.0 to +1.0 and used, along with zj (as an %stima;e of Yj)’

‘>io‘calculate values.of g and b for each item using Equationg 6 and. 7. The
resulfing values of aj were then restricted to-the interval from -3.0 tp +3.0.

%“The restrictions on r; and a. thus affected both the values of the g and b )

R 2

[ i ~ . ° -
* parameters’ but the effects of the restrictions were not nécessarily copsistent.

-
‘

“ Revised Item Parameter Estimates o
’ The item parameter estimates derived from the above procedures were used
“to select items for the tests administeted in this study. 1In the time intefval
between the construction of the tesfts and the analysis of the data, it became
apparent, «that certain revigions to these item parameter estimates were necessary
for each item. These revised estimates were’ puted for all 569 items in the \
.pool from which items for -this study were seletted.

In computing,@ﬁg revised estimates of g and b used to analyze the présent
data, the proportion of"Pestees who actually knew: the correct angwer to an item
(p;) was estimated from the proportion of testees in the population who actually

" answered the item torrectly (pj) and the estidate‘of'qj, using Equation 12,

. ] '

p';'- (p.’-cj)/(ltcj)' l . N 3 . [12] ‘

t f
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T m. e ' \ X o Y -3
¢« An e!kimate of,pex suggg;led by Urry (1975) was then computed by qquation 13,

1 —

} .
B N - - oW, 4 . / N
' o TS . o
P, (1-p _ , \

r.
g5 =L > > » S X IR
.(i\-c']o) ¢[.zvj] | . .‘

- . e hd

. - s [ ' t
v » LA . ¢ . -

where z is the z-score above which 1ids the proporgion‘of testees in the sample
who were estimated to actually know the answer to item § (p7), - .

RS

?[zj] is the density of normal probébility densiEZ function at 33;

T

. ’ n

. This estimati‘Pf Pex. was Fhenﬁused, Béong with p} as aﬁ estimate of ;s - ]

in Equations 6 and ¥ to calcqlate'thg revised a and b parameters. Ifap.scj,
pj was set equal to .001. If |235f>.99868;1, grgagas set-efigal to .9486833

with the appropriate sign. This restricted the aggglues~to,the interval ‘from ‘
-3.0 to +3.0 and influenced the bfvalués téf gh Equation 7. ‘

This latter procedure’? differs froﬁ‘thatvsuggésted by Jgasema (1976)\Bnly
in that Jensema chose to remove each item ffom the computatidn of theée test .
score estimating 6 'durigg the computation of that itémLs parameters. For test -,
scores based’ on large nu of items, the effects”f. this exclesion should be
negligible. T L o . T

cor [N

' . -» - L.

Comparisontof Original and Revised Item Parameters g*@ﬁf
- ‘vFo; items in the pooﬁ w{th b-paramegers between 13.0,'Figure A-1 presents
the bivariate plot of the original and the revised b parameters. As-Figure A-1
shows, the'revised b estimates were clos¥y related to ‘the original b-values- ;
(Pearson product-moment r=.98). The bivariate plot of original and revised
a-values is shown in Figure A-2; As this®figure shows, the revised a-values

were not as closely related-td the. orT¥imal g-valges (Pearson product-moment . .
r=.74) as were the reviged bJV%;Ees. A ‘ . o

To determine the effects of the }ev1$ed item parameters on gbflity estimate’s
computed using those parameters, maximum likelihood ability estimates were

computed using both sets of item parameters for the 185 CLA students involved '
in this study. <The bivariate plot of the, sets of maximum like¥ihood ability
estimates is shown in Figure A-3. The re%-?earaon product<“moment corre-

lation of .96 indicated that the ability estidates did not differ greatly depending

on whether thé original or revised normal-ogive {tem-parameter est

imates-were:. .. .
used. Thig 'high correlation suggests that essentially gﬂggsame conclusiéq?;ﬁi%bgéﬂ
would be drawn in this study from the use of either the orlginal set ofs pm .
paramegers or the Tevised set of parameter estimates baged ondirry's (1%75)

correctiom procedure. 4

at v
. o '
A ’ . . . ' R *

““These. procedures were suggested by Jamgs'B.-Sympson’qfﬁthe Univerg?ty of g§“h
Minnesota. . J ‘ ‘
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APPENDIX B

I

i Table B-1
Order of Administration and Normal Ogive Discrimination (@) and

Difficulty (b) Parameters for Items on Tests for the Low- and High-Ability Groups.

i - i

Low-Ability Group

-~

gh-Ability Group

-

Item Reference

Jtem Sequence

Item Parameters

Item Reference

Item Sequence.

It Parameters

Number A B -C D a Number A B c a
2 11 32 37 16 .517 -3.810, 2 41 7 27 21 ,517  -3.810
e 4 24 26 10 38 .397 =-5.561 7 39 8 26 22 3.000 -2.324
7 - 3 3 3 3 3000 -2.324 ° 14 22 26, 8 40 2.208 -2.461
. <147 40 9 25 23 2.208 ~-2.461 18 1 1 1 483 -4.241
18 41 727, 21 483 -4.241 vl 28 20 14 34,710 -3.808
19 16 3% 32 I 710 -3.808 23 18 39 30° 9 713 -3.862
20 ST 1 .38l -5.764 24 30 18 16 32, 1.749 -2.366
23 . 22 26 BY 40 713 --3.862 39 5 5 S 5« 1347 <-3.625
24 7 13 3% 35 16 1.749  -2.366 44 32 ¢16 18 30 1.145  -1%.412
29 25 - 23 11 3 323 -5.521 51 27721 .13 '35 1.432  -1.043
41 7 28 41 20 272 -6.450 56~ 3% 16 20 28 1.109 .135
44 15 36 33 12 1.145 -1.412 64 23 25 9 39 3.000 -2.363
51 U3 16 20 28 1432  -1.043 68 15 36 33 12 1.014 -2.479
'Y 55 29 19 15 33 288 -4.953 77 . 10 31 38 17 .42 -3.602
56 17© 38 31 10 1.109 135 86 7 28 41 20 .887 -1.189
. 62 18 39 30 9  ..28 -4.952 91 25 23 11 37 L1322 - 097
64, 39 8 26 22 3.000 -2.363 104 )33 3 3 94 .05
3 68", 6 6 6 6 1.014 ~2.479 108 8 29 40 19 .536  -1.155
72 5 5 -,5 5 .274 5-6.134 111 33 15 19 29 822 935
77 32 16, 18 30 . .442  -3.602 . 114 3 %2 22 26 3.000 .960
R 78 9 30 39 18  .437 .-4.843 115 2 2 2 2 3.000 2.023
86 23 25 9 39 .887 -1.189 120 38 10 24 24 3.000 1.464
89 35 13 21 27 721 -2.493 137 6 6 6 6  .499 - .056
91 30 18 16 32 1.132 -~ .197 145 313 21 27 791 .086
108 33 15 19 29--7 .%536 -1.155 147 17 38 ‘31 10 ..825  1.46%
111 19 40 is 8 ., .822 936 . 154 26 22 12 36 872 - 124
- e . Me. .. ,8 29, kO 19 _3.000  .960 . 162 L3117, 170 31 3,000 1.245
Lo 8@ 10 24" 24™ TTe78 712090 vy 167 Y Tho 2 10 167 L4 2.155
145 10 31~ 38 17 .791* .08 ° 174 16 37 32 11 3.000 _ 1.455
154 31 .17 17 31 C 872 - .12 182 11°' 32" 37 16  .703 ° -3.833,
o 162 37 11 23 25 -3.000  1.245 188 21722 71 4l 1970 - .036
‘ 174 3 12 22 26 3.000  1.455 191 37 1123 25 1743 -il257
182 21 27 7 4l 703 -3.833 217 12 337 36 15 1.249  1.384
188 26 22 12 3%  .970 - .036 253 ; 16 35 3% 13 *2.321 1.443
191 12 33 36 15 1.749 -1.257 ' 302 19 40 29 "8  .B45S  .846
192 *20 ‘41 28 7 .267  -6.518 319° 40 9 25 23 .3.000 2.138°
~ 198 16 35 34 13  .801 -2.503 337 ‘9 30,39 8 3.000  1.18%
302 2 2 2 2 .B45.  .Bub 359° 29 19 15 3.000  2.066
337 4 4 4 4 TIO067 1.8l 375 20 41 28 7 .832 934
375 *27 21 13 35 .832 934 83 13 36 35 14, 249111 1.518-
651 28 10 1434 1.087 .885 S14 & 3 4 & 1,158 1,741
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. . Table B-2
0 ¢ -
. . ’ Least-Squares Estimates of Testee Ability based on the Ditficulty Percéptidns (: )
¢ with Corresponding l\mber-Correct Scores ("i) and Maximum Likelihood Ability Estuates (6. ) X
* - - . . 3 , . . -
- M
. Low-Abilizy Group (Ne116) . High-Ability Group (Nm185) ,
i . e £, r 8. E 8, 2, r A & Yo s 1
- F3 < . 3 [ 1 ‘1}7 4 s s : 1 : [
. -
», . ‘ v L3 - . .
.30 30 -2 L0827 £1.35 .22 28 .25 -.83 05. 28 . .17 -
B 1.00 40 - 1.80 - .08 27 ' -.9 .36 2 -.56 -1.12 S 29 99
- -17 19 -2.13 -.36 19 2,57 -3 21 -.37 -1.80 -.30 26 .-.02 -
-.26 28 ~1.564 1.10 34, .01 -.05 2 -1.92 00 -.32. 25 -.28
33 28 -1.20 -.29 28 -.51 78 18 -1.03 51 .36 28 -.01 ,
p Vw2 3 -0, L.37 3 1:41 -.66 20 -.46 - 14 .03 21 -.15
’ 4621 -1.93 .08 29 -1.17 -.08 23  -1.05 -1.1 - p2 18 -.95 . )
p =26 « 29 ‘-1.04 «56 27 -.92 14 29 .43 1413 85 25 -1.50° .
-.41* 26 -1.43 -.53 29 -.69 -1 19 -.91 -.00 -.69, 25 -.56
198 31 -.27 -0 21, -.92 -5 27 .51 -1.83 -.5 18 -7 ¢
1.08 32 M1.04 1.27 3% .00 W39 22 -.68. -.35 07 19 ~-1.18
-6 27 -.84 -4 29 -.95 .63 27 -.01 -1.68 26 17 -1.3 ,
-.51 24 #1.19 -.34 27 -.44 -.56 20 -.90 ~1.40 -.22 30 - .30 .
A7 3o -3 1.49 3 .18 A0 17 -1,21 21.20 _gg 20 -l.nl
‘-.58 28 -1.17 -.12 26 &4 -1.75 .61 25 ~.04 .0 .02 22 -.9%
-.26 31 -1 313 -.25 -.32 2 -.76 .00 -2 2 --82
S -k 30 e.53 -.19 28, -1.09 N2 28 .45 .10 .19 28 -0
11325 -1l - =017 26, -1.99 -.% 17 /-1.86 4] 92 24 <.04
, S VR ) .01 @12 37 .92 -. 22 -.13 -.42 .02 17 -.97
’ 31, 26 =1.75° a7 32 -.01 -20 2y -1.06 -.43 -.76 20 -1
-.09 31 - .45 1.13 35 .36 19 28 -.24 1.42 st 36 1.31
13031 -2 -1 29 -1.03 -3 -1.55 -1.13 » 97 X 1.00
1.03 . 40 1.47 .10 28 -1.45 229" 30 .20 - .95 . 46 30 .64
) -390 23 -1,98 -.63, 21 -2.31 1.3 /37 1.85 12 03 15 -1
' -.09 31 -716 -9 27 -.97 -39 /23 -.63 -z .7 2 -.53, o
1.13 34 201 -l.46 15 -2.53 6/ 18 -2.18 .58 .70 25 00,
' 37 29 -.12 -.26 32 -.01 -.00/ 35 1.4 £.05 -.56 16 --1.19
. -.68 .27 -1.08 -;46 29 -1,01 1.8 39 1.96 -1.23 -1.05 17 -2.13
-.80 23 -1.93 -.02 23  -l1.88 =1 2 -.68 - 1.20 1.00 33 1.30 p
.56 " 28 -.93 - 0 -.21 . 99 _ 49 T =01,
T -6 27 -.85 200 R -.21 2.19 -6 19 -.92 L.
¢ -4 23, =1.78 -3 29 -.81 -.5 -1.03 19 -.87 ,
13- 32 -3 7 5 " 29 -.88 «.32 .36. 24 -1~ 2
. <36 28 g 51808, -.02 28 -.80 6 ¢ -.30 25,  -ablh o, . .
1.20 3 .01 -3 N .01, 117 g5 - 21 2
-.29 29 -.60 -2 25 -1.27 1.61 .02 29 89
-.22 30 -.62 1.35 36 4178 ..
15 30 -4l -0 33 -.8)
-5 22 -1.82 A7 28 -.94 - ,
‘ %29 -.22 -1.78 23 -1.85
03 30 -.44 -.29, + 30 -.33
6129 -.28 .86 ¢ 33 12 !
~29 .26 -2.26 71.03 31~ .15
-.05 31 -.68 L7132 -.11
87 25 1m0 -2 28 -1.23
6 31 -.31 A3 25 -7
- =112 29 -.37 -.78 2 -1.73
v W15 29 -.35 -.75 25 -1.43 .
s .20 26 -1.36 -.05 31 -1.13 -
DR L 1 -.01 47 T 25 -1.63 -. -
’ -5 21 2.3 -7 3R -.00 -1. ¢
2 -.51 39 1.25 -.46 25 -2,00 35 1.50
¢ v 7 18 -2.28 .98 36 1.00 35 1.50
-.4l 30 -.20 1700030 -.41 31 1.05
-.36 33 10 -.24 31 -.20 19 -.77
-.78 26 -1.70 .21 3 .00 30 1.0 -
.13 27 ~}.14 -.51 32 c2.75 35, 1.0
~.24 21 ~1.97 .08 21 -2.00 - ) 24 -.49
. , 58 ° 26 -.23 -.20 23 -.39
iy : -.5 20 -.45 b 19 -1.33 °
. ] -.5% 17 -1.70 .51 2 .12 *
_ 19 35 1,9 1.19 30 \.33 .
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